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Design Problem 14.4 

Provide a quick estimate of the leak-before-break internal pressure for a high-strength 
alloy steel cylinder of mean radius R = 36 in. and wall thickness t = 2.5 in. on the premise 
that the minimum plane strain fracture toughness is 93 ksi (in.) 1 / 2 . Neglect end effects 
and assume that the conventional membrane theory of stress analysis applies. 


Solution 

For a through-thickness crack Eq. (14.1) becomes 
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The conventional hoop stress is 5t 
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Hence making a = St and solving for pressure yields 

p - tK ic 
R(TTt) 1 / 2 

Finally, substituting the numerical values, the required leak-before-break pressure becomes 

P = — X ^ = 2300 psi (15.9 N/mm 2 ) ♦ 

36(tt x 2.5) 1 /2 v ’ 

The foregoing examples illustrate the quantitative approach to the prediction 
of stresses for a given maximum size of flaw. Since, however, the fracture tough¬ 
ness parameter 7i ic is a compound quantity involving stress and the crack size, it 
becomes necessary to rely on empirically obtained curves of K lC before calculating 
the strength of a component for a given size of defect. 

When a structural element of brittle nature is subjected to a combined loading 
and lack of symmetry it is difficult to rely on the size and orientation of the flaw. For 
example, in the case of glass it may be necessary to describe the fracture mechanics 
property in terms of the strain energy release rate. This can be defined as the 
quantity of energy released per unit area of crack surface as the crack extends [257]. 
The relevant parameter in this case is 
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(14.2a) 


On the premise that a denotes one-half crack length for a through-thickness flaw in 
a semi-infinite plate in tension and a is the nominal prefracture stress, Eq. (14.1) 
gives 


K ic = <j(7ra) 1 / 2 


(14.2b) 


Eliminating the ( 7 ra) term between Eqs. (14.2a) and (14.2b) gives 


K 2 IC = EG C 


(14.2c) 



